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(57) Abstract: A method for producing a Group III element nitride single crystal, which comprises reacting al least one Group 
^* III element selected from the group consisting of gallium(Ga), aluminum(Al) and indium(In) with nitrogen(N) in a mixed flux of 

sodium(Na) and at least one of an alkali metal (except Na) and an alkaline earth metal. The method allows the production, with a 
^| good yield, of the single crystal of a group III element nitride which is transparent, is reduced in the density of dislocation, has a 

bulk form, and is large. In particular, a gallium nitride single crystal produced by the method has high quality and takes a large and 

transparent bulk form, and thus has a high practical value. 
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10 fffl^nt^D, gffctfU^A (GaN) ^ftg^ntV^. fi£ 

[figMiS^itS H ^j&^ff t>nTVife (J.Phys. Chem. Solids, 1 995, 56, 639 
)« Is&lss Z.(Dm&. 1 300 — 1 600 °C, 8000~17000a 
t m (158 0 0 ~m 1 7 0 0 MP a) t^5iSMJI^^Iit5. 
15 Z.(Dmm&Mik*T%tctb\Z., th'J^A (Na) 7 7»^^^gft^ 

MfgSttfc (#!lx.te\ 3ftfflif^f^^>ig 5 8 6 8 8 3 7#). JKD^fe^^n 
«\ mmUMiP 6 0 0- 8 0 0 °Ct±m fcTfl* D , * fcffi73 fe , 1^0 
atm «5MPa) §I^TBf5^t^f§. b^b, Z\(D^m 
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uTtr, iR^'bJs^ofc. -tutit, %^<owm^\^ &&&&&& 
b<ji<, 0g*.«, i/!m/Btr«s;©T, i o o o mm ©W^T %> 

3 N) fc^f U ^AtS^fTif^'J ^A^l^^ft^t^M 
^|ft§nt^5)5S (Journal of Crystal Growth 247 (2003) 275-278) 

-fb # u ? ^ ^ e> ~r\ ffi © 1 1 1 m% m&it m <o \z & v> t %> m & 

10 

{bWii©lMSt$-3T> th'J^A (Na) T)V5sV&m 
(N a £P&<) &£.X$r)\<tl U±SI^Jg©4>&< ife — ^iCD^M-g-^^ 
20 (F 1 u x) 4^;:£s^T, #U^A (G a), T^S-^A (A 1 

) (In) fr£>fc£S^£j^£nfciI>fc< tfe — o 

©in^7nm<tsm (N) t^fcrnz^z £ t\z£ Y) , in^fH^-mti 

^ n § ^ ft $ § §s it # m T £ o 

25 £ CD <fc 3 K * thiJ^At, r;P^U#M (Na^O 
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5 iBm 1 ©S^^&te, thU^Ai, T;W*U^JR (NaSS^O 

T$7 U ±m^M < t *> — # © £ <OU^ 7 <y v 7 * *C * 0 

4>&< Jj<D&m7 ; 7y#Z$ t lz&\,*T* ^'J^A (Ga), X;V5 

(Al) £><£OW>>?^A (In) fr£>UZ>ffifr*>m$lZnz> / J> 
15 &< £&-^©niJ^7n*£S* (N) Zi&Bimisit&ztlz&Qiu-m 

20 d © r «fc o x t> , m p°p ffi ^ * # & / 1 ;v ^ ;t£ j$ © 1 1 1 m% m 
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0 1 (A) *5j;tf (B) SgflS^f U ^A©#eSS»5tTSS«© — 

#y <d mm & p^t* tEwt a t as § . 
o^aem^simife (sem) 

bi 3 ;£§§Bj3©ag^&©^©fifi©$Hc «fc D#e>nfe^{k^u ^a© 

m^H©7feS«^llM (SEM) (A) «5 0 0 fg©^' 

(B) te\ 6 0 0 0fg©^t$)?.o 
15 B4(t ^fgBJI©^^^?*©^©^©^;:^ Df#e>n^:^'fb^U ^A# 
g|®)tfifi©^^§ (^2 4 5). 

HI 6 Pi, *»^OSig^fefiD*<Z)flBCD0!l^«fc D#e>n^s^^r U ^Aip. 
20 J6it©^0tttt0^J**C*5 (M2 4 5)„ 

0 7 *5SW©«it^fe©-ecDflfi©«C<fc D#£>nfc^b:#y ^A© 

HI 8 tt, ^^BJ(Z)M^^^O^©ftilCD^|fc*3tt§^^5iS ; &^'r^^^ 

mf£H.©7feS«^gBi|ftit (SEM) ©^JtT&D, 09AIW1 0 0 
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o fg-es d , m 9 b \zmm no mx* & % . 

(SEM) ©^Tfe^ ({0*7 0 0 0(g) 
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0 1 2 », 2^^H^(Z)L EDO- $!£^-r$rtS0T?&&o 
@ 1 3 2^S§BJCDLD(D— M^r^TifMEITfe^o 

@ 1 6 Aft S I M S##r (D background!? & 0 , H16BH BufBMfc 
«£ DftSnfcG a N#ISi© S I MS^«rOi!S^^t^77T?$5. 

01 711 *^|ggcD8ijg^fe©$ £> WCffiOWfcfiW-S, Na-Ca 

7 y &X\Z&tfZ> C aftJ-B-iiG a N$iiOJR$t®PliSSt 

15 ^77t*5. 

0 1 8te> ;£^BJ 6Kf0fl!l©WI:*^tMO VP 

TflUfcGaN^IIl©lfI^^tTEM©^T^§o 
819B, WfH^iKDMO VP E»IlfeG aN#iifl©P LI 

20 

fi £ l« T £ © M & © ^ 

^Bj^c&^T, IH^PUte, #U#A (Ga)> T^ntfA (A 
25 1), -O^^A (In) 7?$>&7^\ ClOD^^Tf, # D # b V*. 

IIIJ£7n*afc«3MS&llfct ^tetfU^A (GaN) JtM@HT&5 
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Tit So 

5 ^mmomi om&Ju&iz&^T, t;p^u^js«> U3^a cl i 

), #U^A (Kh ;i/fcf>^A (Rb), izy^A (Cs) &&Z$7<7> 
is^A (Ft) D , U ±^&S&* ft^v^A (C a), X h 

D>^A (Sr), A'U^A (Br) ^U^e^A (Ra) T&So 

10 0D&/^T, Li, C a, K, Rb, Cs <fc D 

Ill^ttL i 33£IKC atab§. t;V*U^M (NaSO 
y;V# U ±lfi#JgC»tl[IIt^ (mol%) te> th'J^A (Na) ^7 

0 . 1 ~ 9 9 mo 1 % OiHtfe 0 , $ftt< fc£, 0 . 1-50 
15' mol%®IIt$f), J;D#?£U<«0. l~35mol%©IIT 
$6i:fftl<}i0. l~3Omol%0fflTfe§o ts 
)lz/V& (Ca) $m^-e^ffl-T^^^> tbU 1 ?^ (Na) LtDV^ 
ij7 A (C a) iKD^gtiC*fr§^;V->^A (C a) <£>J*^ (m o 1 %) 
fci* 0. 1-9 9 mo 1 %(Z)fg|ilT$> D> $?£b'<«, 0. 1 

20 ~ 5 0 mo 1 %<DHfflT?2& 0 , £D$?£b<te0. l~35mol%© 
KITS D > £ b < 0 . l~30mo U©lBt$&» * 

7t, tfU^A (Ga) tth'J^A (Na) t ©-&thte^i" S^" h U 
A (N a) (DJW (m o 1 % ) fit, M fc£, 0 . 1-99. 9 mo 1 % 
©IBt^ D> IfSKIt 3 0 ~ 9 9 mo 1 %©$SHT& t) , =k D £? 
25 tl<tt60~95mo 1%©«^§. tfU^Ar^MJ^A:* 
;i/y>?A©mo UbK, 3. 7:9. 7 5:0. 2 5fb<B27 : 5 
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i : 2 2 a*, mzft&.\s^&. *mmn* z\n^\zm^^nt^ 0 
*mw<DBioMT&J5&te&^Ts ■mmmmo&ftfe, m*.&> urn. 

100~1 5 0 0 t, 100Pa~2 0 0MPatfe!3, £F£L< 

5 Ift3 00~1200 < €, 0 . 0 IMP a~5 OMP at$D 

, £D£f£b<te, 5 0 0- 1 lOOt, JBE^J 0. lMPa~6M 
P a 7? & £ . 

io «\ mm (n 2 ) #x, y>«r (nh 3 ) #x^t&*k -ti^ttii 

20 fufEfgi (DSjI^^^^^t, tosas^^^y ^X^fc, F-tf>^ 

, cck mm (o), mm (so, y;va^ (a 1 2 o 3 ) -r >w 

A (In), (AO, m^>WJ± (InN), SHfciHSl (Si0 2 

25 )> m^-r>^^^ (In 2 0 3 ), (Zn), V^^ 1 )^ (Mg), 

(ZnO), m^^^^^>^A (MgO), ^JK-OA (Ge) ^^fe^> 0 
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n^o mi (a) tz^-r&oiz, z.<Dmm\t, ^i>^it. mn,^ 

io v>5„ Sfc, Ell (B) fcwt«k5l:, B&JEW»*»3 

(Na^O U±*^«©^Tn^b< «5R^t*«SB 

ip4rttffitti)o e©**ibt!, #x^>^i^e>, n^y (2i, 2 

20 2, 2 3) §IbTtiM^7«J±fM§5 3 fc^fc, « 

25 
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# U ^A (G a), T)V5.~V& (A 1 ) fccfctM >S>#A (In) #5 
fc*S*3&>5B&T**l5Sl>fc< tfe— OCDIII*7C*tsa6* (N) i&MJiS 

B77y ^X&Sftfe^ii-, taiBIII*7C*ai'fk:«l&«fc:bT»ffc*:IIIft 

l«©SliLTH #gr«gYfc#U «7A (GaN) , ^llfft 

x;i/5n>7A (A1N), t77^7, (s ih #U#A-flfc* ( 

15 G a A s ) , mt'HWJ* (GaN), gfbT ~>j7 A (A IN), mt 

tr^m (s i o> mt^vm (bn), ^u^a^u^a (lig 

a0 2 )> sfrtfSHbS^Vn^tfA (ZrB 3 ), (ZnO), 
^*7X, #a^Jl> 'J (BP), MoS 2< LaA10 3 , N 

bN, M n F e 2 O 4 , Z n F e 2 O 4 > ZrN, TiN, U >{b^f 

20 (GaP). M g A 1 2 O 4 , NdGa0 3 , L iA10 2> ScAlMg 
0 4 , Ca 8 La 2 (P0 4 ) 6 O a ^#*»S. Kf JK^©^©J¥^«, #^ 
SHISSnf, *!I^.H 0. 0 0 0 5 ~ 1 0 0 0 0 0 wm, jfSKfiO 
. 001~50000^m> £.r>%?3iV <}Z0 . 0 1~5 0 0 Oym© 
ttB8T?*S. fllAfcT, W^^jSmiH^S^ (MOCVD 

25 A7^ ^ffl^S (HVPE), 5>^«iXt°^^i/-^ (MBE 

fe) ^fcJcoT, X$t_hJ^J$T#S 0 llgiCgft^U^AS 
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m&&j&htc%<Dfe, TiriR$nTv^©T, fn^ffflitfeiK * 

WM£> 2cmKmD, ff$b<«3cmK±7? 
%X>. £ £ b < te4 c m^JiT^ D . $6fc!?*l/<tt5cma± 

0±f $ 5 c mTJfeS tAWt L < , Z\0)M&, fufe«*t$©$SH 
M/t^> 2~5cmt$D, |ftl/<S3~5cmtabD, «fc D iff 
$K(i4~5cmT^D, ftjilCte 5 c mTfe § . &*3, tuf3*±^ 

„ l&MfbUlfcJ:, #I?U£\ Ca 3 N 2 , L i 3 N, NaN 3 , BN, Si 3 N 4 , InN 
^n&iWiTlilt ! fej;<, 2ffiigJMJhT{#fflbTkJ: 

^ o s & , lu BHfifb* © y y v y x \z & w- § id « > #y ^. tar, o . ooo 1 mo 1 e% 

20 ~99mole%, TT&D, $?£b<te, 0. 001 mole%~50 mole%T& D , £ 0 
£f i; b < teO. 005 mole%~5 mole%T*§o &43, ^ 1 <DMMJjfelZ& V> 

25 
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MfBH 2 <DUn-%fe\Z&\,*T, T;i/^JU#««> (Li), t 

5 hU^A (NaK ^JU^A (KK (Rb), -fe^^A (Cs 

) £>£t£:7 ^>>"^A (Fr) t^D, TJW*U±^S«, 
A (CaK Xbn>^#A (Sr)> /t'J^A (Br) *5<£0^>^A 
( R a ) t$D> cn&WMfflbtt)J;< (#$t:7 ^.y X) , 2 
tl^tffflUT'fej;^ (^-ar^^^^X) 0 £fc, fufBH l ©SS^ 

20 > "J! ©JIMS Arte* ^n&CD^Si^^W^rfeTMitUTfe £V> 0 

^i^H.T&^o ^mWO^BlZte^T, tfctiL®m** 10 4 /cm 2 

25 L<te, 10Vcm 2 ttTtSD, ftitfcte:, (#!I;U^ 1 

0 1 / c m 2 I^T) ©feCT^^o ^t<DWi±&(D-mZ\Z. mXU, 
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2cmlU ^SKti3cmJ^±TSf3> «fc D £F S L- < fcfc 4 c m&± 
5 £b<, -(DJi-ar, tufB:ft;*;#©$&Hte, 2 ~ 5 c mT& 0 , 

ife^tt *> u < temmm > © h - tf > ^ £ * a tts 

-k>X (PL) ggtgfcEK, "€-©_h^v MOVPESii:<fc0G 

15 > fij^s^r-rs. 

X^, SS^-T:*— F (LED), ^S#l/-if (LD) *«fc^3fc-fe>*y- 
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7,$>, led, ld, ###^>i?\ ^(Dmv^mfomm^nm-v^ 
%>o lit, *%«0^#:gfin, _l we ^ l fcgji^^ £ i® £ n-r 

z?X&3 Ott, 3 1 <£>_t^#Hf£¥##:B 3 2*«/&£ 

£©±fc:, V-X1S3 3, ^-MS3 4*«ktfHW>*«3 

mmmm^m^m3 1 ^^nmmmm^mi^m 3 2 

ft^PSD^ffeiHifeL^ «i»ftt«n§^5, HufBMi^ft^^#M 3 
25 l^lomtflLTfej;^, W*.fc£* GaN^Mtt, Sift 
WCfciHfflift*H£fc«n5J&*, «©G a N ft «&fi& 
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^^(Dttlf^JH $St:SI^f I, H(DS«<£± 

fctfMBfcJfcttJIi h ^ >y^^$f/!iW$nT^Tfej;^ 0 £ (Dilute 

fej;< > ssfc, si cat, a i nii, t-( ym><Dm<Dttn<Dm 

10 teT&J^o 

^£ffc, ^^B^CDmig^^^ffibfe^^^-i'^" H (LED) tt, n 
tft^^n^^^^-f F (LED) T&oT, fflf2HScD4>&< <h 

}*}:«fc?)*igft&sitn«^5n«. ^^©l edco-^!1^, mi 

2\Z^~to m^<D£5\Z, :©LED40S, nlGaN|4 1 ipl 
GaNl4 3t(DFIiC, ISttliUTO I n G a N S 4 2^^J^$tlT 
20 nlGaNl4 1©Tl:ttnfl4 4^Si$n, plG 

a NJt 4 3 »J:i:ttpii4 5 ^SBB^tl, 3 >A°^ h&Sittfe^T 

25 fcfr-Dfco 
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10 o M?L\£, 012©f|ftgf(^^T, plGaN|4 3t;|UT, 
plA 1 GaNlip iGa Nl <Dmmfe&mf& VX % J: V>„ 

oSffc, *^0^©m^^^^fflbrc¥##U-if (LD) fct, nl* 

15 sn^¥##i/— if (ld) T$ot, mm=M(D'pf£< £*b—mff, 

0 5t^to El7S<£>£5fc> C©LD5 OS, nlGaNi51tpI 
GaNl 5 3 <h©raiC fittlitt® I n G a Nl 5 2 ^StlT 
V>S„ Sfc, nIGaNl5 1 ©TfcfiniS 5 4 ^IBB^tl, pIG 
20 aN15 3©±Cfap«l5 5«Sfi*Sn, n h&flHttteoT 

25 
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MIS 0^i#:gtt^^T, pMG a Ni 5 3 IzRtLX, p 
10 MA 1 G a N capping®, plGaN waveguidingjp , plAlGaN 
/GaN MD-SLS claddingS^S^k^p MGaNi^, Z.(DMfrX 

nlGaNllCfUT, nlAlGaN/G 
aN MD-SLS c 1 addingJS43 ZSn M G a N waveguidingjg ^ d 

15 

20 0 tt, 3^©»§t1"§G aN||6 5 oMiB^o^n^ntc:. 
n!GaN|6 1 43 <fcr£pMG a NS 6 2 ^\ H cDJIgJ^T^S $ nt^ 

gfiTflB£ft6 5 ©TfllfcH, nmU (Au/Tili) tf&j&zn* 
plGaN!6 2©±ifc{t plS (Au/Tili) ^li^tlt 

25 
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mmm 

10 

(^jgfij i ) 

xn, &m (n 2 ) ^x^iamT, ^T©^#T5nmjpff?§S!i!b, 

: 8 0 0 °C 

20 f^J±A (N 2 ): 30atm (3. 04MPa) 

Wfiwuo : 9 6 mm 
mmww bnw 

25 #U#A (Ga) lgdtL, £TF ® ^ <£> £J £ T , thU^A (N a 
) £#;i/^S7A (Ca) iSE^brco 
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»>7°Mo. Na:Ca (inolit) 



Na(g) 



Ca(g) 



1. 
2. 
3. 
4. 
5. 
6. 



9.75:0. 25 
9:1 

8.5:1. 5 
8:2 

7. 5:2. 5 
7:3 



0. 85956 
0. 79344 
0. 74936 
0. 70528 
0. 6612 
0. 61712 



0. 038422 
0. 153688 
0. 230531 
0. 307375 
0. 384219 
0. 461063 



i^<k^IflIitJ:D^*bfe. ^ (Dm ^ KIT \,z^:to & 
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25 WJ^ffi^J (N 2 ) §15atmiIitbT, Sft^fU>>A©#iftS 
SSiibfc, 3*fc, (Ga) lgdfb, th'J^A (Na) 0 

19 



WO 2004/013385 



PCT/JP2003/008258 



. 7 4 9 3 6 g, (Ca) 0. 153688g ^^LTc ( 
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ffiEO: 30atm (3. 04MPa) 

W)«f!§ : 2 4 1^59 
20 Na:Ca=9:l (# U # A 1 g ^E^Jt) 
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^MS : 1 1 0 0 °C 

m-mmm m 2 m m 

20 

ttfSBM OVPE^t:<J;D#?) tlfc G a Nffilfc^^T, MMmm^m 
fi (TEM) td<fct), ^©gffH^Sra^fco ^-©MHI, Ell 8CTEM 
^Hfc^T ^ "5 fc, Na77 7^t»tlfcGa N^IS^i:^ 
fffSBMOVP Egfc^SG aN^^^^JH^^^flT^, fufBpf G 
25 aN*ii©#®feIg-r?ffe. 



27 



WO 2004/013385 



PCT/JP2003/008258 



•?€\Z, i!BMOVPESiaD#e>nfcGaN (Mo-GaN/N 
F-GaN/Mo-GaN) \Z~O^X, PLit&firofc. PLtHJtO 
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5. thU^A (Na) £%)VisV2* (Ca) ©-&fNc*l"f ^>*;V-> 
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7. ^-h'J^A (Na) <hU^A (Li) ©-^fH^I- £ U A 
5 (Li) ©W, 0. 1~9 9mo 1 %©fSffl-e&^>lS5l<^6fH«CD 
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InNK Wiik&m (Si0 2 ), &te-f >v*#A (ln 2 0 3 ), (ZnK V^*^ 
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